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Fig. 4 is a vertical cross-sectional view showing an embodiment 
of a rotary-type fluid machine according to this invention. In the 
fluid machine, a scroll member 25 can be axially biased to another 
scroll member 24 with an elastomer 50 made from shape memory alloy, 
the elastomer being transformed at a desired temperature. There is 
also provided with means for transforming the elastomer 50 with heating. 
A temperature change to the shape memory alloy 50 may be compulsively 
controlled with electrical means from outside . The shape memory alloy 
50 remembers to shrink the initial form thereof when suction gas falls 
down under a predetermined temperature. When the alloy 50 shrinks, 
the scroll member 25 moves axially in the direction of an end plate 
12 and gap (t) is generated between the end face of spiral wrap 242 
of the scroll member 24 and the scroll member 25 and the end face of 
spiral wrap 252 of the scroll member 25 and the scroll member 24 (see 
Fig. 4) . 
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Specification 



1 . [Title of the Utility Model] Rotating Fluid Machine 

2. [Claim] 

A rotating fluid machine having a pair of scroll components, wherein pressure is 
applied in the direction of one scroll component via a deformed pressure-applying 
component made of a shape memory alloy when the other scroll component is at a 
predetermined temperature, and wherein a means is disposed to effect a temperature 
change in the same pressure-applying component. 

3. [Detailed Description of the Utility Model] 

The present utility model relates to an improved rotating fluid machine with a pair 
of spiral-shaped scrolls. 

A scroll compressor is one type of rotating fluid machine. Here, a pair of spiral- 
shaped bodies are enmeshed at a staggered angle with respect to each other. This 
volume-type compressor provides a relative revolving motion (orbital motion only). 

As the small sealed chamber formed between the spiral scrolls moves towards 
the center, the volume of the small chamber decreases, thereby compressing the fluid 
inside the small chamber and discharging the compressed fluid from the center. 

The basic principles of a scroll compressor have been known since ancient 
times. The following is an explanation of the basic principles of a scroll compressor 
with reference to FIGS 1 (a), (b), (c) and (d). Two spiral-shaped bodies (1) (2) with the 
same shape are arranged so as to enmesh each other at a staggered 180°. As shown 
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in FIG 1 (a), this forms small sealed chambers (3a) (3b) between contact points ai, bi 
and contact points a^ 1 b 2 on the two spiral-shaped bodies (1) (2). In this example, one 
of the spiral-shaped bodies (2) is fixed while the other spiral-shaped body (1) revolves 
around the center 0 of spiral-shaped body (2) with the center 0' of spiral-shaped body 
(1) at radius 00', preventing the spiral-shaped body (1) itself from rotating. As it 
revolves, the volume of the sealed small chambers (3a) (3b) gradually changes. 
In other words, starting at the position shown in FIG 1 (a), the spiral-shaped body (1) 
revolves 90° to the position shown in FIG 1 (b), revolves 180° to the position shown in 
FIG 1 (c), and revolves 270° to the position shown in FIG 1 (d). 

The volume of the small chambers (3a) (3b) is gradually reduced until the two 
small chambers (3a) (3b) communicate at the position in FIG 1 (d) to form small 
chamber (3). From the position shown in FIG 1 (d), it revolves 90° to the position 
shown in FIG 1 (a), having revolved an entire 360°. As it does so, the volume of small 
chamber (3) becomes even smaller. The volume of this small chamber (3) becomes 
smaller still at the positions in FIG 1 (b) and FIG 1 (c) as the spiral-shaped body (1) 
revolves, reaching the minimum volume between FIG 1 (c) and FIG 1 (d). Sealing end 
plates are formed on the axial end faces of the two spiral-shaped bodies (1) (2), and a 
discharge port (4) is formed near the center of the sealing end plate in one of the two 
spiral-shaped bodies (1) (2), allowing the compressed fluid to be discharged. As the 
outside space beginning to open in FIG 1 (b) moves from FIG 1 (c) and FIG 1 (d) to FIG 
1 (a), new fluid is taken in and sealed small chambers (3a) (3b) form. The process then 
repeats itself. 
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In an actual scroll compressor based on these operating principles, the scroll- 
shaped body with the sealed end plate having a discharge port near the center is fixed, 
and the other scroll-shaped body with the same shape and an integrated sealed end 
plate is staggered at a 180° phase. The two scroll-shaped bodies overlap at distance 
2p (= spiral pitch of the spiral-shaped bodies - 2 x thickness of the spiral-shaped 
bodies) so as to make contact. This allows one of the scroll-shaped bodies to revolve 
while being kept from rotating itself. A crank mechanism with crank radius p turns one 
of the spiral-shaped bodies around the center (0 in FIG 1) of the other spiral-shaped 
body to create orbital motion with radius p (orbital motion with radius p at 0' with 0 as 
the center in FIG 1). 

FIG 2 is a center cross-sectional view of a scroll compressor of the prior art with 
this configuration, and FIG 3 is a cross-sectional view of the same from Ill-Ill in FIG 2. 

The housing (10) of the compressor comprises a front end plate (1 1), a rear end 
plate (12) and tubular end walls (13) making contact between the two (these are 
integrated with the rear end plate in the drawing). A sealed container is formed 
communicating with the outside via fluid intake port (14) and the fluid discharge port 
(15) formed in the rear end plate (12). 

The front end plate (1 1) is attached rotatably to the main shaft (17) via a radial 
needle bearing (16). A shaft sealing mechanism (19) is placed over the main shaft (17) 
inside a tube (18) protruding towards the front from the front end plate (1 1) so as to 
surround the main shaft (17). A pulley (20) is supported by bearings on the outside of 
the tube (18), and the pulley (20) is connected to the main shaft (17) so that the 
rotational force from the external power source (e.g., a motor) can be transmitted to the 
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main shaft (17) via a belt. A rotor (21) is fixed to the inside end of the main shaft (17), 
and a thrust needle bearing (22) concentric with the main shaft (17) is supported on the 
inner face of the front end plate (11). A shaft (crank pin) (23) protruding from the rotor 
(21) and eccentric with respect to the main shaft (17) is formed on the opposite end of 
the front end plate (11) with respect to the rotor (21 ). Here, (24) and (25) are a pair of 
scroll components. Scroll component (24) has a spiral-shaped body (242) fixed to one 
face of a round plate (241) and a protrusion (243) with a round hole in the axial 
direction on the opposite face. 

The protrusion (243) has a crank pin (23) arranged with a radial spindle bearing 
(26) fitted inside the round hole in the axial direction, and this supports the scroll 
component (24) on the crank pin (23). Scroll component (25) has a scroll-shaped body 
(252) on one face of a round plate (251) and a through-hole (253) corresponding to the 
discharge portion (4) in FIG 1 formed in a position above the round plate (251) 
corresponding to the approximate center of the scroll-shaped body (252). A ring- 
shaped protrusion (254) is formed on the bottom face of the round plate (252) so as to 
fit around the through-hole (253). A ring-shaped protrusion (121) is formed on the inner 
face of the rear end plate (12) from a position surrounding the fluid discharge port (15), 
and the space surrounded by the outer periphery of the ring-shaped protrusion (121) 
and the round plate (251) forms the intake chamber (310). The outer diameter of 
protrusion (121) is slightly smaller than the inner diameter of protrusion (254). A ring- 
shaped groove (122) is carved into the outer edge of protrusion (121), and a ring- 
shaped elastic body (e.g., a rubber ring) (30) is placed between the inner side of the 
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ring-shaped protrusion (254) on the scroll component (25) and the ring-shaped groove 
(122). 

The ring-shaped elastic body (30) seals the space with the ring-shaped 
protrusions (254) (121), and the inside of the ring-shaped protrusion (121) forms a 
discharge chamber (311) communicating with the fluid discharge port (15) and the 
through-hole (253) in the scroll component (25). The ring-shaped elastic body (30) also 
elastically supports the scroll component (25) both axially and diametrically. A notch is 
formed partially in the circumferential edge of the round plate (251) in the scroll 
component (25), and the protrusion (131) protruding from the inner face of the tubular 
side wall (13) engages the notch to stop the rotation of the scroll component (25). 

Because the scroll compressor is configured in this manner, when the main shaft 
(17) is rotated via the external power source and the pulley (20), the eccentric 
movement of the crank pin (23) moves the scroll component (24) along a circular 
trajectory. At this time, the movement of the self-rotation stopping mechanism (29) 
surrounding the protrusion (243) on the scroll component (24) stops the self-rotation of 
the scroll component (24), and scroll component (24) moves with respect to scroll 
component (25) as shown in FIG 1 . As a result, the fluid taken in from the outer 
periphery of the scroll-shaped bodies (242) (252) is gradually compressed and moved 
towards the center. 

It is discharged from the through-hole (253) to the discharge chamber (31 1), and 
discharged from the fluid discharge port (15). The fluid can then, for example, circulate 
in a cooling system and return to the housing (10) via the intake port (14). 
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The following is an explanation of the configuration of the self-rotation stopping 
mechanism (29) on the scroll component (24). A flange (27) is connected to the 
protrusion (242) on the scroll component (24) so as to be able to rotate with the 
protrusion. The flange (27) is connected to the protrusion (243) by connecting the 
angular tube (271) in the center of the flange (27) to the protrusion (243) using a key. 
Here, the axial length of the flange (27) including the angular tube (271) is greater than 
the axial length of the protrusion (243) on the scroll component (24). In this way, the 
thrust load applied to the scroll component (24) is supported by the rotor (21) via the 
thrust needle bearing (28) between the flange (27) and the rotor (21). A slider (291) 
with a rectangular hole (294) is formed in the angular tube (271) whose outer shape is 
rectangular. The rectangular hole (294) in the slider (291), as shown in FIG 3, has an 
opposing pair of sides with the same dimensions as the opposing sides of the angular 
tube (271). 

The other pair of opposing sides is two times or more the length of the amount of 
eccentricity p with respect to the main shaft (17) of the crank pin (23). This allows the 
angular tube (271) and the slider (291) to slide together in the same direction. A ring 
component (292) is arranged around the slider (291) and fitted on the slider (291). 
The ring component (292) is fitted on the inner surface of the tubular side wall (13) of 
the housing (10) with a key to stop rotation. The hole (295) in the center of the ring 
component (292) is rectangular. The pair of sides opposing the external shape of the 
slider (291) have the same dimensions, but the other pair of sides are two or more 
times the length of the amount of eccentricity p of the crank shaft (23). The slider (291) 
is guided so as to slide in both the sliding direction and the direction perpendicular to 
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the sliding direction of the angular tube (271). In this way, the angular tube (271) is 
able to slide in two directions perpendicular to each other while stopping self-rotation. 
The combination of movement in two directions perpendicular to each other allows for 
orbiting along a circular trajectory. The eccentric rotational movement of the crank pin 
(23) accompanying the rotation of the main shaft (17) causes the scroll component (24) 
to revolve on a circular trajectory without self-rotation in accordance with the angular 
tube (271). 

In this type of scroll compressor, the volume of the small chambers (3a) (3b) in 
the position shown in FIG 1 (a) is the theoretical take-in amount of the compressor. 
The theoretical take-in amount, which is also the theoretical discharge amount, is 
determined by the scroll-shaped bodies and thus cannot be controlled. As a result, for 
example, when the scroll compressor is used as an automobile air conditioning and 
cooling compressor operated by a running engine, the generation of air conditioning 
and cooling performance greater than necessary during high-speed revolution requires 
greater power than necessary at the same time. The excess load on the engine 
decreases vehicle speed, causes deterioration in traveling feel, and consumes more 
fuel. When the scroll compressor is used in a so-called package air conditioner or room 
air conditioner, the air conditioning and cooling performance during low room cooling 
loads such as in the morning and evening and during the spring and autumn is 
excessive and more power is consumed than is necessary. 

The purpose of the present utility model is to provide a rotating fluid machine 
having a pair of scroll components, wherein pressure is applied in the direction of one 
scroll component via a deformed pressure-applying component made of a shape 
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memory alloy when the other scroll component is at a predetermined temperature, and 
wherein a means is disposed to effect a temperature change in the same pressure- 
applying component. In this improved rotating fluid machine, when the cooling 
performance is greater than is necessary or when the cooling load is light, the shape 
memory alloy shrinks due to the temperature of the intake gas, the fixed plate moves in 
the direction opposite the turning plate, some of the gas escapes from the end of the 
spiral-shaped bodies to the intake side during compression, and the cooling 
performance is decreased. 

The following is an explanation of a working example of the rotating fluid 
machine of the present utility model in FIG 4. Here, (12) through (15), (24), (25), (29), 
(121), (131), (241), (242), (251), (252), (310) and (311) denote the same components 
as those explained above. (50) denotes a spring-shaped shape memory alloy arranged 
inside the intake chamber (310) with one end connected to the scroll component (25) 
and the other end connected to the rear end plate (12). 

(51) denotes a ring-shaped elastic body (e.g., an O ring) fitted on the outside of a 
ring-shaped protrusion (121) in the rear end plate (12). The scroll component (25) is 
arranged between the circumferential edge of the round plate (251) and the protrusion 
(131) on the inner face of the tubular side wall (13) so as to be able to move axially. In 
this working example, the temperature of the shape memory allow (50) is changed by 
the intake gas passing through the intake chamber (310). However, the temperature of 
the shape memory alloy (50) can also be changed forcibly using external electric 
means. 
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The rotating fluid machine of the present utility model described above has the 
following effect. When an automobile air conditioner is operating at high speed or the 
room cooling load is low in the case of a package air conditioner or room air 
conditioner, the required air conditioning or cooling performance is generated and the 
intake gas temperature is lowered. When the intake gas is lower than the 
predetermined temperature, the shape memory alloy (50) remembers its shrunken 
shape. It shrinks when the intake gas temperature inside the intake chamber (310) is 
lower than a certain temperature. 

When the shape memory alloy (50) shrinks, the scroll component (25) moves in 
the direction of the end plate (12) and space opens up between the tip of the scroll- 
shaped body (242) of scroll component (24) and scroll component (25), and between 
the tip of the scroll-shaped body (252) of scroll component (25) and scroll component 
(24). (This space is denoted by "t" in FIG 4.) When this space (t) opens up, some of 
the compressed gas escapes through the space (t) to the intake side. The 
compressing action is not completed, and the cooling performance decreases. If the 
vehicle is operated at a lower speed or if the room cooling load increases and full 
cooling performance is required, the intake gas temperature increases and the memory 
shape alloy (50) expands. This moves scroll component (25) towards scroll component 
(24), the space closes between the tip of the scroll-shaped body (242) and scroll 
component (25), and between the tip of the scroll-shaped body (252) and scroll 
component (24), and the normal compression operation is performed. When the axial 
pressure on scroll component (25) is applied in the direction of scroll component (24) 
(i.e., to the left in FIG 4) (e.g., when the area of the scroll component (25) facing the 
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discharge chamber (31 1) is large), the scroll compressor (25) cannot move towards the 
end plate (12) even when the shape memory alloy (50) in FIG 4 is shrunk. In this case, 
both ends of the shape memory alloy (50) are fixed to the scroll component (25) and 
the end plate (12) or the shape memory alloy spring expands when the temperature 
between the scroll component (25) and the self-rotation stopping mechanism (29) 
declines. This allows the scroll component (25) to move in the direction of the end plate 
(12). 

In this working example, the present utility model was applied to an open 
compressor for an automobile air conditioner. However, the present utility model can 
also be applied to a sealed compressor for industrial air conditioners. 

4. [Brief Explanation of the Drawings] 

FIG 1 is a set of diagrams used to explain the operating principles of a rotating 
fluid machine of the prior art. FIG 2 is a vertical cross-sectional diagram of a rotating 
fluid machine of the prior art. FIG 3 is a vertical cross-sectional view from line Ill-Ill in 
FIG 2. FIG 4 is a vertical cross-sectional view of the rotating fluid machine in a working 
example of the present utility model. 

24, 25 ... scroll components, 50 ... pressure-applying component 
Agent Shigefumi Okamoto, Patent Attorney (and 2 others) 
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FIG 2 
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FIG 3 
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FIG 4 
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